























(RMSE)で表すと緯度方向で0.036 m、経度方向で0.039 m、標高方向で0.045 m、3方向で0.070 mであった。













































































































































































































































RAM 64GB PC4-2133 DDR4 SDRAM
グラフィックカード NVIDIAⓇ GeForceⓇ GTX
TM 
960 2GB


















































商品名 実焦点距離 35 mm換算焦点距離
Canon IXY650 4.5-54.0 mm 25-300 mm
Nikon COOLPIX 
S9900 4.5-135 mm 25-750 mm
Olympus STYLUS 
TG-4 Tough 4.5-18 mm 25-100 mm





















大きさは縦24 mm、横36 mm、対角線長43 mm
であることから、1/2.3型イメージセンサーの対

































































































GCP測点名 x y z √(x^2+y^2+z^2)
03L1 0.063 -0.021 -0.026 0.072
03L2 0.027 0.071 -0.012 0.077
03R1 0.041 -0.026 -0.013 0.051
03R2 -0.029 0.052 0.029 0.066
04L1 0.028 -0.013 -0.009 0.032
04L2 -0.013 -0.022 0.107 0.110
04R1 -0.008 0.010 0.027 0.030
04R2 0.041 -0.071 -0.066 0.106
05L1 -0.001 -0.023 -0.087 0.090
05L2 -0.009 -0.046 -0.038 0.060
05R1 -0.034 0.001 -0.018 0.039
05R2 -0.054 0.005 -0.002 0.055
06L2 0.060 -0.056 0.026 0.086
06R1 0.028 0.046 0.007 0.055
Ry1 -0.032 0.020 0.041 0.056
表5　GNSSによるGCP測量時の標準偏差
単位：m
GCP測点名 x y z
03L1 0.005 0.005 0.012
03L2 0.005 0.006 0.013
03R1 0.005 0.005 0.013
03R2 0.008 0.006 0.017
04L1 0.005 0.006 0.015
04L2 0.005 0.006 0.010
04R1 0.006 0.007 0.014
04R2 0.005 0.006 0.014
05L1 0.006 0.006 0.016
05L2 0.005 0.006 0.010
05R1 0.005 0.007 0.014
05R2 0.009 0.005 0.019
06L1 0.005 0.005 0.010
06R1 0.005 0.006 0.015
















検証点名 x y z √(x^2+y^2+z^2)
AL40 -0.06 0.04 0.06 0.10
AL30 -0.03 0.03 0.04 0.06
AL20 -0.03 0.04 0.02 0.05
A0 -0.04 0.04 0.02 0.06
AR10 -0.03 0.01 0.01 0.03
AR20 -0.02 0.05 0.00 0.06
AR30 0.03 -0.02 0.16 0.17
BL30 -0.06 -0.01 -0.03 0.07
BL20 -0.04 0.02 -0.08 0.09
BL10 -0.03 -0.02 -0.03 0.05
B0 0.00 -0.04 -0.03 0.05
BR10 0.00 -0.05 -0.06 0.08
BR20 -0.04 -0.07 -0.11 0.14
BR30 0.00 -0.15 -0.05 0.16
CL20 -0.02 0.07 -0.02 0.07
CL10 -0.04 0.04 0.01 0.05
C0 0.00 0.03 -0.05 0.06




GCP測点名 x y z
AL40 0.09 0.06 0.03
AL30 0.08 0.06 0.03
AL20 0.03 0.03 0.02
A0 0.03 0.04 0.01
AR10 0.03 0.05 0.04
AR20 0.03 0.03 0.04
AR30 0.06 0.03 0.03
BL30 0.08 0.04 0.03
BL20 0.06 0.02 0.04
BL10 0.07 0.04 0.02
B0 0.06 0.04 0.01
BR10 0.07 0.03 0.01
BR20 0.06 0.03 0.02
BR30 0.07 0.05 0.02
CL20 0.02 0.04 0.01
CL10 0.03 0.03 0.03
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Measurement Accuracy Verification of UAV-SfM Technique  
for River Bed Forms in a Mountain River Basin: 
A Case Study in Higashigouchi River
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Abstract
Accuracy of Digital Surface Model (DSM) with orthochromatic image for river bed forms in a mountain 
river basin by using Structure from Motion (SfM) technique based on photographs taken from Unmanned 
Aerial Vehicle (UAV) was verified by comparing with topographic survey using GNSS (Global Navigation 
Satellite System) and laser range finder. The Root Mean Squared Error (RMSE) values taking the difference 
between Ground Control Points (GCPs)  measured using GNSS and DSM were found as 0.036 m in latitude 
direction, 0.039 m in longitude direction, and 0.045 m in elevation: 0.007 m in oblique distance. The RMSE 
values taking the difference between surveying points measured using laser range finder and DSM were found 
as 0.03 m in latitude direction, 0.05 m in longitude direction, and 0.06 m in elevation: 0.09 m in oblique distance. 
These results with same surveying accuracy as in previous studies in plain areas indicated that the UAV-SfM 
technique is effective for measuring river bed forms in a mountain river basin.
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